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ABSTRACT
     Etching agents such as ethylene diamine tetraacetic acid (EDTA) and phosphoric acid which are widely used
in adhesive restoration system aimed to increase for retention of restorative materials, may act a chemical irritant
that induce inflammation of dental pulp. Inflammation is a body response against irritant and infectious agents.
Matrix metalloproteinase-8, the major collagenolytic enzyme, degrades collagen type 1. This enzyme is expressed
in low level in normal condition, however, the expression will increase during inflammation. The purpose of the
present research was to study the effect of 19% EDTA and 37% phosphoric acid application as an etching agents
on the MMP-8 expression of dental pulp. Forty-five male Sprague Dawley rats were divided into 3 groups. Cavity
preparation was made on the occlusal surface of maxillary first molar using a round diamond bur. 19% EDTA,
37% phosphoric acid, and distilled water were applied on the surface of the cavity of the teeth in group I, II, and
III subsequently. The cavity then filed by glass ionomer cements. The rats were sacrified at 1, 3, 5, 7, and 14 days
after the treatment (n=3 for each day). The specimens were then processed histologically. Immunohistochemical
(IHC) analysis was performed using rabbit anti rat MMP-8 polyclonal antibody to examine MMP-8 expression
and HE (Hematoxylen Eosin) staining to observe the number of macrophages. The results showed 37% phos -
phoric acid application induced stronger expression of MMP-8 and higher number of macrophages than 19%
EDTA. The strongest expression of MMP-8 seems on 5 days after the treatment where the highest number of
macrophages were also found.
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Adhesive  restorations  are  common  restorative
method  used  in  clinical  practice.  This  method  has
some advantages, i.e. good aesthetic and do not require
much tooth substance disposal [1]. Application of etch-
ing agent in adhesive system restoration is needed to
improve the quality of the adhesion between restorative
material and tooth. Application of the etching agent is
aimed to eliminate smear layer and inorganic compo-
nents of the tooth; hence, generate microporosity that
will  be  filled  by  the  adhesive  [2].  One  of  the  most
widely used etching agent in adhesive restoration sys-
tems is 32-37% phosphoric acid. The agent actives at
low pH [3]. Torii et al., showed that phosphoric acid
etching  reduced  the  adhesion  strength  of  composite
resin to dentin [4]. Okuda et al., revealed that excessive
demineralization  occurred  after  phosphoric  acid
application,  thus,  may cause adhesion failure  due to
insufficient infiltration of resin monomers [5].
Ethylene  diamine  tetraacetic  acid  is  a  chelating
agent that has ability to remove the smear layer effec-
tively [6]. The application of 0.5 M EDTA (equivalent
to 19%  EDTA) for 30 seconds minimize microleakage
at composites and dentin interface [7]. In comparison
with 37% phosphoric acid, this agent increases more
adhesion strength [8].
Matrix metalloproteinase (MMP) is a class of en-
dopeptidase enzymes capable of degrading almost  all
components of the extracellular matrix. Sulkala et al.,
showed that MMP-8 was the major collagenase in hu-
man dentin [9]. Matrix metalloproteinase-8 using colla-
gen  type  I  as  a  substrate  [10].  Matrix  metallopro-
teinase-8  is  expressed  by  neutrophils,  chondrocytes
cells,  fibroblasts,  endothelial,  odontoblas  [9,10]  and
macrophages [11]. MMP-8 is expressed at low levels in
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normal conditions; the expression is upregulated dur-
ing inflammation [11].
The dentin-pulp complex reacts to all stimuli, such
as caries, trauma, and restorative procedures [12]. Vari-
ous substances used in restorative procedures such as
phenol,  eugenol,  and dentin cleanser agents  may in-
duce  pulp  inflammation  [13].  The  purpose  of  the
present research was to study the effect of 19% EDTA
and  37% phosphoric  acid  application  as  an  etching
agents on the MMP-8 expression of the dental pulp.
Ethylene Diamine Tetraacetic  Acid  solution prepara-
tion
19% ethylene diamine tetraacetic acid was made by
dissolving  19  grams  of  EDTA  powder  (molecular
weight of 372.24 g/mol) in 100 cc distilled water using
a magnetic stirrer. pH was adjusted to 7.4.
Experimental Animals
The  protocol  applied  for  this  animal  experiment
was approved by the ethics committee of the Faculty of
Dentistry, Gadjah Mada University, Yogyakarta. Forty-
five, four-month-old male Sprague Dawley rats with an
average body weight of 250-300 g, healthy and had no
abnormalities  were  divided  into  3  groups.  Cavity
preparation  was  made  on  the  occlusal  surface  of
maxillary first molar. 19% EDTA was applied to the
cavity in group I for 30 seconds and 37% phosphoric
acid  gel  (Dentamerica,  USA)  in  group  II  for  20
seconds, then rinse with distilled water for 30 seconds
[14]. The cavity just rinsed with distilled water for 30
seconds in group III. The cavity then were dried and
filled by glass ionomer cement Fuji  IX (GC, Japan).
The rats were sacrified at 1, 3, 5, 7, and 14 days after
the treatment. 
Histological preparations 
The specimens were decalcified using 10% EDTA,
embedded  in  paraffin,  and  sectioned  serially,  then
stained with hematoxylin eosin (HE) and immunohis-
tochemistry (IHC). Immunohistochemistry  procedure
was performed using rabbit anti rat MMP-8 polyclonal
antibody  (Abcam,  USA)  to  examine  MMP-8  expres-
sion. The specimens were observed under a microscope
with 400x magnification in three different field at the
area  beneath  the  cavity.  Macrophages  were  counted
and MMP-8 expression was evaluated by scoring the
intensity of its brown color.
 Immunohistochemical examination showed brown
staining  with  varying  intensity  which  indicates  the
expression of MMP-8. More stronger intensity of the
brown  color,  more  stronger  expression  of  MMP-8.
Brown staining with weak intensity appeared in intact
teeth (without treatment) (Figure 1). This suggests that
under normal conditions, pulp cells express MMP-8 in
the  lower  levels  and  secreted  into  the  extracellular
matrix.
MMP-8  expression  showed  in  Figure  2.  In  all
specimens 1 day after the application of etching agents,
MMP-8  expression  was  detected  in  many  pulp  cells
and extracellular matrix in the area beneath the cavity.
All samples in the group applied with 19% EDTA and
distiled  water  showed  weak  expression  of  MMP-8,
while in the group applied with 37% phosphoric acid
showed  moderate  intensity.  Three  days  after  the
treatment,  all  specimens  showed  MMP-8  expression
with moderate intensity in the extracellular matrix of
the  coronal  pulp  with  the  larger  area  than  day  1.
Odontoblasts  below  the  cavity  revealed  MMP-8
expression stronger than the other areas in the pulp
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Figure 1.  Immunohistochemical  staining anti  MMP-8 of  intact  tooth showed  weak intensity  in  the  cytoplasm pulp cells  and  
extracellular matrix.
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chamber. 
 MMP-8 expression with strong intensity was seen
in  the  extracellular  matrix  of  the  coronal  pulp  and
predentin area as well in all samples of all groups at 5
days  after  the  treatment.  Seven  days  after  the
treatment, 2 out of 3 samples in the group applied with
37% phosphoric acid showed MMP-8 expression with
strong intensity,  while  one sample  showed moderate
intensity. Expression of MMP-8 appears with moderate
intensity was observed in 2 out of 3 samples applied
with 19% EDTA, while the remaining sample showed
a  strong  intensity.  However,  14  days  after  the
treatment  all  groups  showed  moderate  intensity  of
MMP-8 expression, especially in predentin area.
Macrophages were already observed 1 day after the
aplication (Figure  3A).  The number  of  macrophages
was  then  increased  3  days  after  the  treament  and
reached the highest number 5 days after the treatment.
The  number  of  macrophages  were   decreased
afterwards (Figure 3B).
Two-way ANOVA showed significant differences of
the  number  of  macrophages  infiltration  among  the
groups (p<0.05), indicating that application of etching
agent  had  significant  effect  on  the  number  of
macrophages  infiltration.  Tuckey  HSD  test  showed
significant differences of the number of macrophages
infiltration  after  application of  37% phosphoric  acid
compared to 19% EDTA (p<0.05). The result showed
that application of 37% phosphoric acid induced more
macrophages infiltration than 19% EDTA. 
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Figure  2.  Immunohistochemical  features  showed brown staining which indicates  of  MMP 8 expressions.  Green dart  showed  
expression of MMP 8 in the cell and matrix. Strong intensity of MMP-8 expressed after application 37% phosphoric acid 
compared with EDTA 19%. D: dentin, O: odontoblasts, P: pulp, PD: predentin. 
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This  study  showed  that  application  of  37%
phosphoric  acid  stimulated  more  pulp  inflammation
than  19%  EDTA  which  is  characterized  by  more
macrophages  infiltration  and  strongest  intensity  of
MMP-8 expression. This is likely due to the low pH of
37% phosphoric  acid  while  19% EDTA.  When  the
phosphoric  acid  applied  to  the  cavity,  excessive
demineralization  might  occur  and  increase  dentin
permeability resulting  in large penetration of  etching
agent through the dentinal tubules to the pulp [15]. In
addition,  acid  etching  with  low  pH  may  cause
hypertonic environment. It induced the cell to shrink,
and  may  lead  to  permanent  damage  of  the
odontoblasts and an inflammatory reaction [16].
The  present  study  showed  that  application  of
distilled  water  on  the  surface  of  the  cavity  induced
inflammatory  cells  infiltration  in  the  dental  pulp  as
well. This was probably caused by a cavity preparation.
A research conducted by Feng Mei et al., revealed that
the friction and heat generated from rotary instruments
resulted in increasing expression of nitric oxide (NO)
by  odontoblasts  [17].  Nitric  oxide,  a  free  radical,  is
produced from the nitric oxide synthase (NOS). Free
radical  causes  vasodilation,  so that  the  inflammatory
cells migrate from the blood vessels to the tissue [18].
All  treatment  groups  showed  stronger  MMP-8
expression than normal intact teeth, indicating that the
inflammation  caused  by  cavity  preparation  and  the
application of etching agent affects the expression of
MMP-8. In normal condition, MMP-8 is expressed at
low  level;  the  expression  is  upregulated  during
inflammation  which  contribute  to  tissue  damage  by
degrading the extracellular matrix [19]. Expression of
MMP-8  by  odontoblasts  and  pulp  fibroblasts  was
induced by pro inflammatory cytokines such as TNF-α
and  IL-1,  then secreted  into  the  extracellular  matrix
through the exocytosis process shortly after synthesized
[20]. 
Macrophages play an important role in the immune
system to recognize irritants and cellular debris [20],
phagocytes and eliminate antigen [18]. The cells were
then activated and secreted cytokines such as IL-1 and
TNF-α which  plays  an  important  role  in  the
inflammatory response [21]. Tumor necrosis factor-α
induces  endothelium  and  dendritic  cells  to  produce
monocyte  chemotactic  protein-1  (MCP-1)  and
stimulate  the  monocytes  out  of  the  blood  vessels
leading to  the area  of  inflammation.  Monocytes  will
differentiate  into  macrophages  in  the  pulp  tissue.  It
takes 48-72 hours for monocytes to differentiate into
macrophages  after  migrate  to  the  tissue  [20].
Macrophages  observed in  all  groups  1  day  after  the
application; the number of macrophages increased and
reached  highest  5  days  after  the  application.  As  the
number  of  macrophages  infiltration  increased,  the
expression  of  MMP-8  was  increased  as  well.  Matrix
metalloproteinase-8  is  a  lysosomal  enzyme,  stored in
intracellular  granules,  which  then  secreted  into  the
extracellular  matrix  by  activated  neutrophils  and
macrophages [11].
The expression of MMP-8 decreased until day 14
after  treatment  and  mainly  seen  in  predentin  area.
Predentin  is  a  zone for the organization of  collagen
prior to mineralization. Matrix metalloproteinase-8 was
secreted by odontoblasts to the predentin area possibly
related to the formation of tertiary dentin. It play a role
in  degrading  collagen  matrix  allowing  for  further
mineral ions deposition [10]. Matrix metalloproteinase-
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Figure 3. A. Haematoxilin eosin staining of macrophages. An arrow red showed macrophages in pulp. D: dentin, O: odontoblasts, P: 
pulp, B. Bar graphs showed the highest number of macrophages seen after application 37% phosphoric acid.
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8  play  role  in  collagen  matrix  damage  during  the
development  of  caries  [22],  inflammatory  tissue
damage in the pulp [23], initiation and organization of
dentin  matrix  before  the  process  mineralization  [24]
and the formation of tertiary dentin [23]. Degradation
of  extracellular  matrix  is  a  signal  for  odontoblas  to
secrete matrix that play a role in the repair of the pulp.
This  research  used  glass  ionomer  cement  as  a
restorative  material  to  fill  the  cavity  instead  of
composite  resin.  Glass  ionomer  cement  induces  less
irritation to the pulp compare to composite resin [25].
Temporary filling was not used in this study due to its
low resistance in the oral cavity [26]. 
In conclusion, 37% phosphoric acid induced higher
number  of  macrophages  and  stronger  expression  of
MMP-8  than  19%  EDTA.  As  the  number  of
macrophages  infiltration  increased,  the  expression  of
MMP-8 was increased as well. The results of this study
can provide information that 19% EDTA as an etching
agents is  more biocompatible for pulp cells.  Increase
expression of MMP-8 is leading to degradation of the
extracellular  matrix,  that  can  affect  the  composite
restoration failure due to the degradation of collagen in
the hybrid layer, loss of adhesion and increase the inci-
dence microleakage of restoration.
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